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Introduction

Portions of the Needles quad-
rangle have been designated by the
Bureau of Land Management as poten-
tial wilderness areas and are being
evaluated by a multidisciplinary team
to determine the mineral-resource po-
tential. As a part of this study
Landsat images are being used to map
the generalized distribution of limo-
nitic materials as a guide to hydro-
thermal alteration which, in turn,
acts as a guide to mineralized sys-
tems. The term limonite, defined by
Blanchard (1968) as a general term
for hydrous iron oxides, is here mod-
ified to include any material with
the unique spectral reflectance prpo-
erties of the ferric oxide minerals
such as hematite and goethite, as
defined by Runt (1980).

The map shows areas of limonitic
hydrothermal alteration but does not
show hydrothermally altered areas
lacking limonitic materials. Table 1
lists, for each hydrothermally al-
tered area detected, the type of
alteration and the anomalous trace-
element geochemical suite found in
that area.

Methods

The methods wused for iden-
tification are based on the Landsat
color-ratio composite technique of
Rowan and others (1974). Color-ratio-
composite images of the Landsat data,
produced by digital image processing
(Raines and others, 1978), are inter-
preted by inspection and by appli-
cation of the Munsell-classification
procedure of Raines (1977). Landsat
scenes E280417212, E287517115, and
E287617173 were used. The Munsell-
classification procedure allows for
simple classification of specific
colors in a Landsat color image, such
as the characteristic green color of
limonitic areas in the color-ratio-
composite image used here. A themat-
ic map of limonitic areas is produced
by this procedure. Combining this

thematic data with the visual in-
spection of the color-ratio composite
results in a thorough and accurate
mapping of the limonitic areas at the
Landsat resolution of 79 m.

These limonitic areas are
evaluated in the field to determine
if the limonite is associated with
hydrothermally altered rocks. Pyrite
and (or) hematite are commonly as-
sociated with hydrothermal alter-
ation, and these minerals weather to
produce limonite. Common sources of
limonite wunrelated to hydrothermal
alteration include iron-rich, rock-
forming minerals and disseminated
limonite in sedimentary, volcanic or
metamorphic rocks. All areas defined
as limonitic in and near the proposed
wilderness areas were visited in a
rapid reconnaissance manner and se-
lectively sampled to determine the
following: (1) 1if the limonite was
associated with hydrothermal al-
teration, (2) where present, the
assemblage of alteration minerals,
and (3) the assemblage of trace
elements associated with the al-
teration. Rock mineralogy and tex-
ture, limited thin section studies,
and identification of critical alter=-
ation minerals by spectral reflec-
tance techniques (Hunt and Ashley,
1979) were used to determine the
types of hydrothermal alteration.
Selected mineralized rock samples,
gossans, jasperoids, limonite coat-
ings, and/or rocks containing visible
sulfides were analyzed by a semi-
quantitative emission spectrographic
method (Grimes and Marranzino, 1968)
and by a modified wet chemical method
for antimony, arsenic bismuth, cad-
mium, gold, mercury, and zinc (Viets,
1978; Viets, J. G., oral communi-
cation, 1982) to define the trace-
element assemblages associated with
the observed alteration and miner-
alization. The anomalous geochemical
values are selected somewhat arbi-
trarily, but based on consideration
of the data in Rose, Hawkes, and Webb
(1979) and from discussion with sev~-



eral U.S. Geological Survey asso-
ciates in order to define what is an
anomalous value. Because only one to
six rock samples were analyzed from
each 1limonitic area, anomalous ele-
ments are only indicative of miner-
alization. More detailed geochemical
surveys covering all the study areas
are being made to more fully define
the mineralization. Table 1 1lists
the proposed wilderness areas studied
to date, limonitic areas in and near
the proposed wilderness areas, and
elements determined to be anomalous
from the samples taken in the limo-
nitic areas. These anomalous ele-
ments are indicative of suites of
trace elements associated with the
mineralization.

Unevaluated Limonitic Areas

Limonitic areas with no as-
sociated symbols, are mapped areas
delineated from analyses of the
Landsat data that have not been
evaluated in the field.

Unaltered Limonitic Rocks

Limonite-stained rocks unrelated
to hydrothermal alteration are ob-
served in the quadrangle, and the
distribution 1is included on this map
to document all of the areas stud-
ied. Neither the minerals char-
acteristic of hydrothermal alteration
nor anomalous trace elements were
found during examination of these
areas in the field and subsequent
analysis of limonitic rock samples.

Limonitic Altered Rocks

The terminology used to describe
the types of hydrothermal alteration
generally follows the usage of Meyer
and Hemley (1967) and is summarized
in Table 2. The criteria used relies
heavily on critical minerals that are
diagnostic of certain types of alter-
ation, and on rock texture. As men-
tioned above, only limonitic alter-
ation types are considered.

The terms solfataric and iron
metasomatism, as defined in Table 2,
were found to be useful to describe
mineralized rock that is at least
incipiently altered. The solfataric
altered areas are generally asso-
cliated with manganese deposits in
young volcanic rocks, and seem to
result from warm ground water and/or
hot spring activity probably related
to late stages of volcanic activ-
ity. The term iron metasomatism is
used with reservation to describe
rocks with limonitic and occa-
ssionally pyritic coatings along
horizontal joints in a 2-mica gran-
ite. These coatings have anomalous
trace elements (Table 1, SH1), may
represent residual fluids from the
formation of the granites, and are
considered indicative of the poten-
tial for mineralization in the area.
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Table 1:

List of proposed wilderness areas studied to date, hydrothermally
altered areas in and near the proposed wilderness areas, the type of
alteration, and the anomalous trace—element geochemical suite
associated with each hydrothermally altered areas. The anomalous
geochemical values are selected somewhat arbitrarily, but based on
consideration of the data in Rose, Hawkes, and Webb (1979) and from
discussion with several U.S. Geological Survey associates in order
to define what is an anomalous value. For those areas with both wet
chemical and spectrographic analyses available, the wet chemical
analyses are considered more appropriate than the spectrographic
analyses; so the wet chemical analyses are the determining values in
these cases. The star (*) in front of any area name indicates that
no indications of previous mining or exploration activity were
observed in this area. The identification, CDCA310 for example, is
the identification number for the California Desert Conservation
Area.

Definitiion of Anomalous Geochemical Values

Wet Chemical Analyses, Anomalous Values in Parts Per Million

As > 30, Au > 0.05, BL > 5, Cd > 1, Hg > .1, Sb > 4, Zn > 100

Semiquantitative Spectrographic Analyses, Anomalous Values
in Parts Per Million

Ag > 0.5, As > 200, B > 100, Ba > 2000, Bi > 10, Cu > 100, Mn > 2000, Mo > 10,
Pb

70, Sb > 100, Sa > 50, W > 50 zn > 100



Area Number Alteration type Anomalous Trace-element Geochemical Suite
Chemehuevi Mountains (CDCA 310)

CH 1 Argillic/Solfataric B, Hg
* CH 2 Argillic/Solfataric Ag, Ba, Hg, Mo, Pb, Zn
* CH 3 Unaltered Ba

CH 4 Propylitic Ag, Au, Ba, C4, Cu, 2Zn,
* CH 5 Propylitic Ag
* CH 6 Propylitic Ag
* CH 7 Advanced Argillic Ag, Pb
* CH 8 Propylitic Ba

Crossman Peak (Mohave Mountains; Spectrographic Analysis Only; CDCA 5-7B)

CP 7 Propylitic Ag, As, Au, Cu, Mo, Pb, W, Zn

CP 8 Argillic Ag, Cu, Mn, Pb, W, Zn

CP 9 Argillic Ag, Bi, Cu, Pb,

CP 10 Propylitic Cu, Mn, Pb, Zn

CP 11 Propylitic Ag, As, Au, Ba, Bi, Cu, Mn, Mo, W, Zn

CP 12 Sulfataric Ag, As, Ba, Cu, Mn, Mo, Pb, Sb, W, Zn

Sheephole Cadiz (Spectrographic Analysis Only; CDCA 305)

* SH 1 Iron Metasomatism Ag, Ba, As, Pb

SH 2 Propylitic Ca, Pb
* SH 3 Iron Metasomatism Pb

SH 4 Argillic Ag, B, Ba, Bi, Cu, Mo, Pb, Zn, W

Turtle Mountains (CDCA 307)

TM 1 Propylitic Ag, Au, As, Bi, Cu, Hg, Mo, Sn, W, Zn

TM 2 Propylitic Au, Ag, Cd, Cu, Mn, Pb, Zn,
* TM 3 Argillic Ag, Ba

™ 4 Argillic Ag, Mo, Pb

TM 5 Argillic/Propylitic Ag, Au, Bi, Mo, Pb, W,

Whipple Mountains (Spectographic Analysis Only; CDCA 312)
WM 1 Solfataric Ag, As, Ba, Cu, Mn, Mo, Pb, W, Zn
WM 3 Solfataric/Argillic Mn, Pb
. WM 4 Argillic Ag, Cu, Mo, W, Zn

WM 5 Argillic - Ag, Bi, Cu, Mn, Mo, Pb, Zn,

WM 6 Solfataric/Propylitic Ag, As, Ba, Cd, Cu, Mn, Mo, Pb, Zn

WM 7 Propylitic Ag, As, Ba, Bi, Cu, Mn, Mo, Pb, W, Zn

WM 8 Propylitic Ag, B, Ba, Cd, Cu, Mn, Mo, Pb, W, Zn



Table 2: Definition of limonitic hydrothermal alteration types, ordered from
weak to intense types of alteration. The definitions here summarize
critical aspects of these terms; the reader is referred to the
references for a complete discussion of the terms.

Alteration type

Symbol

Definition and References

" Solfataric

Iron Metasomatism

Propylitic

Argillic

Advanced Argillic

S

FeM

An incipient alteration associated with
late stages of volcanic activity
characterized by emissions of sulfurous
gases and other gases and vapors with
associated hot spring activity. Critical
minerals are opal, chalcedony, silceous
sinter, limonite, hydroxides of
manganese, barite, siderite, and pyrite
(Lindgren, 1928; Gary and others, 1972).

An incipient alteration indicative of the
past presence of interstitial, chemically
active pore fluids or gases contained
within the rock body or introduced from
external sources. Critical minerals are
limonite or 1local pyrite coatings with
anomalous trace elements (Goldschmidt,
1922; Mason, 1966; Gary and others,
1972) .

Weak or incipient alteration charac-
terized by replacement of mafic minerals
by the formation of chlorite, albite,
epidote, carbonate, quartz and minor
allophane, sericite, montmorillonite,
leucoxene, and pyrite (Meyer and Hemley,
1967).

An intermediate alteration characterized
by the destruction of mafic minerals and
feldspars., Critical secondary minerals
are montmorillonite, kaolinite, sericite,
biotite, pyrite, and quartz (Hemley and
Jones, 1964; Meyer and Hemley, 1967).

An advanced alteration characterized by
the complete destruction of mafic
minerals and feldspars. Critical
minerals are kaolinite, dickite, pyrite,
hematite, alunite, Jjarosite, rutile,
leucoxene, tourmaline, topaz, and
amorphous clays (Hemley and Jones, 1964;
Meyer and Hemley, 1967).




Explanation

Anomalous limonitic areas interpreted
from a Landsat color ratio composite
image. The solid line represents a
well defined boundary. The dotted
line represents a arbitrary boundary
separating an area that is the source
of the limonite, generally bedrock,
from transported alluvial Ilimonite.
The horizontally ruled area is an
included nonlimonitic area. The
symbol N is representative of the
symbols designating the general
source of the limonitic materials.
If N is not present then the area has
not been evaluated in the field. The
symbol MX is the number of an area
referred to in Table 1.

Symbols

Unaltered Limonitic Areas

E Eolian Sands

v Volcanic Rocks

vC Volcanoclasitc Rocks
AL Alluvium

Limonitic Hydrothermally Altered
Areas

S Solfataric

FeM Iron Metasomatism
P Propylitice
A Argillic

AA Advanced Argillic

NOTES:

1. When reconnaissance examination
suggests that significant por-
tions of an area might have more
than one type of pervasive alter-—
ation, a two part symbol is used,
Z/W. Z is the most pervasive
type of alteration, and W is a
significant but lesser type.

2. The mountain ranges without any
limonitic areas have not been
studied as of June, 1982.



